The eect of B2O3 addition on the electrical conductivity of 8 mol% yttria-stabilized cubic zirconia (8YSZ) was investigated by analyzing the impedance spectra of 010 wt.% B2O3-doped 8YSZ powders prepared via a colloidal process. The doped powders were then pelletized under a pressure of 200 MPa, and then sintered at 1400
Introduction
The high ionic conductivity and good stability of yttria-stabilized cubic zirconia (8YSZ) has seen it widely used as an electrolyte material for solid oxide fuel cells (SOFCs), oxygen sensors, and thermal barriers. The addition of Y 2 O 3 in solid solution helps to stabilize the uorite structure of zirconia, thereby increasing its oxygen vacancy concentration. At high temperatures, however, the yttrium ions (3+) are replaced by zirconium ions (4+), creating many lattice vacancies in the process, in order to ensure electrical neutrality. These vacancies, in turn, provide a means for the transportation of oxygen ions through the material under an electrochemical potential at elevated temperatures [1, 2] . Accordingly, there have already been studies into the composition, structure, and conductivity of 8YSZ [3, 4] . In more recent years, the conductivity of ZrO We therefore herein present an analysis of the inuence of B 2 O 3 addition on the electrical conductivity and microstructure of 8YSZ through impedance spectroscopy and SEM, respectively.
Experimental materials and procedure
In this study, 0.3 µm yttria-stabilized cubic zirconia (8YSZ) (Tosoh, Japan) and a 0.75 µm B 2 O 3 powder (US Research Nanomaterials, Inc., USA) were used as the matrix material and additive, respectively.
Specimens for microstructural and electrical conductivity analysis were produced by means of colloidal processing. The subsequent doping process was carried out in a plastic container by mixing up to 10 wt.% B 2 O 3 with 8YSZ powder, zirconia balls, and ethanol. Mechanical mixing was performed using a speks type mixer at a speed of 200 rpm for 12 h, the resulting slurries being allowed to dry naturally by leaving the lid open for 24 h. After drying, the agglomerated powders were ballmilled for 10 min. in order to break up any agglomerates and obtain a good dispersion. These ball-milled powders were passed through a 60 µm sieve, and then pelletized under a pressure of 200 MPa using a single-axis die (radius 10 mm, height 4 mm). The inner surface of this steel die was cleaned after each pressing process, and stearic acid was applied to the sidewalls as a lubricant.
The pressed pellets were sintered in a box type furnace at 1400
• C for 10 h under normal atmospheric conditions, with a heating and cooling rate of 5
• C/min. The surface of the sintered specimens was ground and polished using normal metallographic methods, and then thermally etched in the same furnace for 1 h, at a temperature 50
• C below the sintering temperature. The microstructure of the sintered specimens was then analyzed using scanning electron microscopy (SEM, Jeol JSM-6060LV).
The corresponding grain sizes were measured using the mean linear intercept method.
Electrical conductivity measurements were performed on sintered pellets measuring 10 mm in diameter and 3 mm in thickness. Both surfaces of these pellets were rst slightly polished using abrasive paper, and then electrical connections were drawn by applying platinum paste to both surfaces. The specimens were all dried in an oven at 100
• C to eliminate any excess solvent, and then an- (Fig. 1a1d ). More interesting, however, is the appearance of pores at the grain boundaries of 8YSZ at 5 and 10 wt.% B 2 O 3 addition (Fig. 1c and 1d ). Since it is known that B 2 O 3 can be melted at a relatively low temperature (∼ 450 with pores due to a precipitation mechanism in the liquid phase present during sintering [11, 12] . • C for both high and low frequencies (Fig. 2a2d) . The rst and second of these arcs represents the grain interior and grain boundary resistance, respectively; while the sum of the two arcs gives the total resistance. Thus, the grain boundary resistance (R gb ) of 8YSZ is clearly reduced by the addition of 1 wt.% B 2 O 3 , the lower value indicating the presence of an electrically conductive phase at the grain boundary. Furthermore, the grain interior resistance (R gi ) of a 1 wt.% B 2 O 3 -doped 8YSZ sample is B. Aktas, S. Tekeli also lower than that of undoped 8YSZ. The grain interior (σ gi ) and grain boundary (σ gb ) conductivities were calculated by the following equation:
where R gi is the grain interior resistance, R gb is the grain boundary resistance, and L and A are the thickness and cross-sectional area of the specimen, respectively. 
• C is presented in Fig. 3 . Here, both σ gi and σ gb are again increased with 1 wt.% B 2 O 3 addition; the dissolved B 3+
cations distorting the crystal lattice of 8YSZ, thereby causing an increase in the concentration of oxygen vacancies that increases the grain interior, grain boundary and total conductivity. In principle, both di-and trivalent dopants are capable of introducing oxygen vacancies into a zirconia crystal lattice [13] . However, the addition 
where T is the absolute temperature, σ 0 is a preexponential factor, and E a and k B are the activation energy and Boltzmann constant, respectively. 
